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Abstract

This work presents fundamental results of radiation-epidemiological analysis of personified medical and dosi-
metric data from the Russian National Medical and Dosimetric Registry. On 01.01.1998 the National Registry
contained data on 508 thousand persons exposed to radiation as a result of the Chernobyl accident and current-
ly resident in the Russian Federation. The work cites evaluations of radiation risks in the induction of oncologi-
cal illnesses (leukaemia, thyroid cancer) obtained for the first time on the basis of direct epidemiological re-

search.
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More than twelve years have passed since the grea-
test technogenetic catastrophe in human history oc-
curred at the Chernobyl Nuclear Power Plant
(ChNPP). Evaluation and prognosis of medical-ra-
diological consequences of the accident remains one
of the key problems concerning determined optimal
strategies of long-term rehabilitation measures. It is
well known that the most sensitive indicator of ra-
dioactive influence is supplementary (above spon-
taneous) level induction of malignant neoplasm and,
foremost, leukaemias. Using data from many years
of epidemiological research on the cohort of survi-
vors of the atomic bombing of Hiroshima and Na-
gasakiin 1945, the International Commission for Ra-
diological Protection (ICRP) and other authoritative
international organisations gave evaluations of radi-
ation risk coefficients according to abundant above
spontaneous levels of mortality from malignant dis-
eases. These evaluations are supported by direct epi-
demiological research into a range of medium and
high doses of radiation (above 0.5 Sv). In the lower
dose range (up to 0.2 Sv) characteristic of the Cher-
nobyl accident, radiation risks were obtained expo-
nentially and demand corroboration with epidemi-

Iporuio 6onee 12 1eT nocie KpyrmHEeNIErH B MICTOPHN YeJIo-
BEUECTBA TEXHOTEHHOM KATACTPOMbI HA YepHOOBUILCKOMN
ATOMHOI AEKTPOCTAHIU (HADC). O1ieHKA 1 IIPOrHO3 Me-
JULUHCKUX PAJHUOIOIMYECKHX TTOCIEACTBUM KATACTPOMbI
OCTAETCA OJHOM U3 KITIOYEBBIX IPOOJIEM IIPH ONPEACTIEHUN
ONTUMAIbHOM CTPATETUH JJOJITOCPOYHBIX PEAOWTATAIIOH-
HBIX MEPOIPUATHI. XOPOIIO U3BECTHO, YTO HANOOJIEE UyB-
CTBUTEIBHBIM MHAUKATOPOM PAIMALIMOHHOIO BO3AECUCTBUAA
ABJACTCA JOTIOTHUTC/IbHAA HA/T CTIOHTAHHBIM YPOBHEM MH-
JIYKITHS1 37IOKAYECTBEHHBIX HOBOOOPA30BAHME U, ITPEK/IC BCE-
T'0, JIEMKO30B. MICIIOJIb3Y# JAHHBIE MHOT'OJIETHUX SIHUAEMUO-
JIOTIECKUX MCCIIEIOBAHUE 32 KOTOPTOM JIUIY, IEPEKUBIIIIX
ATOMHYIO 60MOAPIMPOBKY B ropojiax Xupocruma 1 Haraca-
KU B 1945 1., MexxnyHapOgHAsA KOMUCCHS IO PAAUOTIOIIYEeC-
Ko 3ammre (MKP3) 1 Apyrye aBTOpUTETHBIE MEKIYHAPOI-
HBIE OPraHU3AITHN JJATH OLIEHKH KO3(D(PULTUEHTOB DAL~
OHHOT'O PUCKA O U3OBITOYHON HA/T CIIOHTAHHBIM YPOBHEM
CMEPTHOCTU OT 37I0KAYECTBEHHbBIX 3A00JICBAHNIL DT OLICH-
KM OCHOBBIBAIOTCA HA PE3YJIBTATAX IMPAMBIX SITHUIEMUOJIOTH-
YCCKHX I/ICC]IC,Z[OBEIHI/Iﬂ JUTA TAAITA30HA CPCTHMX Y BBICOKMX
J103 obiryueHus (6osee 0,5 3B). B iuarazoHe MajibIX 103 00-
JrygeHust (10 0,2 3B), XapaKTepHOM 11 HepHOObUILCKOM Ka-
TaCTpO(pr, PamranmMOHHbIC PUICKK IMOJIYYCHbI 9KCTPAITONA-
LJMOHHBIM ITyTE€M 1 TPEOYIOT ITOATBEPIKIACHHSA AITHICMUOJIO-
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ological data. The dependence on dose-volume se-
lection is well known to radiation epidemiologists: if
average dose decreases sequentially within the co-
hort, volume selection must increase by two sequenc-
es. Itimmediately becomes clear from this dependen-
cy that only analysis of Chernobyl data including ex-
tensive divisions of observation can give a conclusive
(statistically valid) picture of the magnitude of radi-
ation risk from small dose exposure.

RUSSIAN NATIONAL MEDICAL AND
DOSIMETRIC REGISTRY

Following the Chernobyl accident the Russian Nation-
al Medical and Dosimetric Registry (RNMDR) was
founded under the auspices of the Medical Radiolog-
ical Scientific Centre of Russian Academy of Medical
Sciences (RAMS), Obninsk (Tsyb AFE et al, 1998). The
function of RNMDR is to regulate the current resolu-
tion of the government of the Russian Federation No.
948 from 22.09.93. On 01.01.1998 personal medical
and dosimetric data on 508 thousand people were in-
cluded into the database of the register (figure 1).

The RNMDR includes two principal groups for pri-
mary registration: liquidators (35%) and inhabitants
of the most severely radioactively contaminated re-
gions of Russia (57.7%). The greatest degree of ra-
dioactive exposure resulting from the Chernobyl
accident affected four regions (figure 2): Bryansk,

THYECKUMU JJAHHBIMU. Pa/ial lIMOHHBIM STIIHJIEMHUOIIOTAM XO-
POIIIO U3BECTHA 3ABUCUMOCTb J1034—00bEM BBIOOPKI: €CITH
CpEIHss 1034 B KOTOPTE YMEHBIIAETCS HA TTOPSIOK, OOBbEM
BBIOOPKU JJOJDKEH YBEJIMYHTHCS] HA 1BA ITOPsiIKA. 113 3101 3a-
BUCHMOCTH CPA3Y K€ CTAHOBUTCS SICHO, YTO TOJIBKO AaHAIN3
YEPHOOBUILCKUX JTJAHHBIX, BKITIOYAIOITNE OOIIPHBIE KOTOP-
ThbI HAOJTIO/ICHUSL, MOYKET JJATh OKOHYATC/IBHBIN (CTATHCTU-
YECKH 3HAYHMBIIT) OTBET O BEJIMYMHE PAJUALIMOHHOIO PHUC-
K4 TIPY MAJIBIX JIO3aX OOIyUYCHHSL

POCCHIMCKHM TOCYJAPCTBEHHBIN
MEJHUKO-TJO3UMETPHYECKHUM PETUCTP

[Tociie YepHOOBUILCKOM KaTACTPO(MBI HA O6a3€ MeqUITIH-
CKOTI'O PaJMOJIOTUYECKOTO HAYyYHOr'o 1enrpa PAMH
(1. OGHUHCK) ObUT CO3/JaH POCCHUIICKII T'OCY/1apCTBECHHBIN
MeUKO-po3umerpudeckuii peructp (PTMP) (LIpio A.D.
U COABT., 1998). ®ynkumnonuposanue PITM/IP pernamen-
THPYETCS B HACTOSIIEE BPEMS ITOCTAHOBICHUEM [TpaBu-
TenbcTBa Poccuiickor deepanmnn Ne948 ot 22 ceHTA6-
ps1 1993 1. Ha 01.01.1998 1. B 623y faHHbIX PITM/IP BKJIIO-
YEHBI IEPCOHAIbHBIE MEAUITMHCKUE U JO3UMETPUIECKUE
JanHble Ha 508 TBIC. 4ENOBEK (PHUCYHOK 1).

PI'M/IP BKTIOUAET B C€651 IBE OCHOBHBIEC I'PYIIIILI IIEPBUY-
HOT'O Y4€Ta: INKBUJATOPSI (35%), >KUTENN HAUOO0JIEE 3a-
I'PA3HEHHBIX PATMOHYKIHAAME Obs1acTelt Poccuu (57,7%).
B peasynsrare YepHOOBUILCKOM KATACTPOMBI pAIUALIMOH-
HOMY BO3Z/ICVICTBUIO B HAUOOJIBIIIECH CTEIEHU ITO/IBCPITINCH
4JeTbIpe 00JIACTU (PUCYHOK 2): bpaHckas, Kamyxkckas,

FIGURE1. NUMBER OF PERSONS REGISTERED IN RNMDR AT 01.01.1998 (PRG — PRIMARY REGISTRATION GROUP)
PUCYHOK1. 41CN0 3APETICTPUPOBAHHBIX B PTM/P HA 01.01.1998
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FIGURE 2. TERRITORY OF RUSSIA SOIL CONTAMINATION DENSITY '37Cs (Ciekm-2)
PUCYHOK 2. 3ATPASHEHHOCTb POCCIN *Cs (Kuekm-2)
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Kaluga, Tula and Orlov regions. In these regions'*’Cs
contamination exceeds 5 Ciskm—2 Among 167
thousand liquidators registered (figure 3) the ma-
jority of their number is currently resident in four
regions of Russia (Central (No.3), North Caucasus
(No.7), Povolzhsky (No.6) and Ural (No.8)).

The RNMDR includes the following principal data-
bases (figure 4): the fundamental bank of personal
medical-dosimetrical data; the subregister of onco-
logical diseases; the subregister of causes of death;
the subregister of diseases of the thyroid gland. Me-
dical data enter the RNMDR annually after confir-
mation of yearly clinical research.

PROGNOSIS OF REMOTE RADIATION
EFFECTS UPON THE LIQUIDATOR
COHORT

What basic conclusions can be drawn concerning
medical radiological consequences of the Cherno-

Tynbckast 1 OprOBCKasd. B 9THX OOIACTAX 3aIrPS3HEHHOCTD
psima partoroB '7Cs mpesbimaet 5 Kuexkm—2 Cpenau 167
TBIC. IMKBUJIATOPOB, BKIIOYEHHBIX B PITM/IP (pHUCYHOK 3),
OOJBITMHCTBO MPOKUBAIOT B HACTOSAIIEE BPEMS B YEThI-
pex pernoHax Poccun — LenrpaibHoM (Ne 3), Cesepo-
KaskazckoM (Ne 7), IToBorpkckoM (Ne 6) uYpasibekoM (Ne 8).

PI'M/IP BIIOUAET B CE6S1 CJIEYIONTHNE OCHOBHBIC OA3bI JJAH-
HBIX (PUCYHOK 4): OCHOBHOM O3aHK IIEPCOHAIbHBIX ME/IU-
KO-ZJO3UMETPHUUYECKHX JJAHHBIX, IIOPETUCTP OHKOJIOTU-
YECKHUX 3200JIEBAHUL, IOAPETUCTP IIPUUYUH CMEPTHOCTH,
HOAPETUCTP 3200IEBAHNH IIIUTOBUAHON JKese3bl. Mezy-
IIMHCKUE JAHHBIE TTOCTYIIAIOT B PTM/IP exxeroiHo nociie
34BEPIICHUA JHUCIIAHCEPHBIX UCCIEAOBAHMIM.

INPOTHO3 OTJAJTEHHDBIX
PAIVAITHNOHHDBIX D®DEKTOB
IIO KOTOPTE/JIMKBUIATOPOB

Kakure 0OCHOBHBIE BBIBOJBI MOKHO CIEIATH O METUIITHC-
KUX PAAUOIOTUYCCKUX TTOCIEICTBUAX YEPHOOBUTBCKOM
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FIGURE 3. NUMBER OF LIQUIDATORS REGISTERED IN RNMDR AT 01.01.1998
PUCYHOK 3. 411C/0 3APETCTPUPOBAHHDBIX B PTM[IP JINKBNOATOPOB HA 01.01.1998
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FIGURE 4. STRUCTURE OF RNMDR
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FIGURE 5. EXTERNAL IRRADIATION DOSE — DEPENDENT DISTRIBUTION OF THE LIQUIDATORS

PWUCYHOK 5. PACMPEQENEHWNE JINKBWAATOPOB B 3ABUCIMOCTIA OT BETN4MHBI A03bl BHELLIHETO OB/TY4EHNA
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byl accident between 1986—1996 and what kind of
prognosis can be made about distant stochastic ef-
fects? Let us first consider data from the RNMDR con-
cerning the liquidator cohort. Figure 5 shows the
dependency of distribution of liquidators according
to dose of external irradiation. It may be worth not-
ing that the majority of liquidators received irradia-
tion doses of 0—100 mGy and 200—-250 mGy.

Table 1 gives prognostic evaluations of attributive risk
(percentage of radiation induced cancers above
spontaneously occurring cancers) in accordance
with the mortality rate for liquidators working with-
in the 30km zone between 1986—1989. The prog-
nosis is carried out on the basis of recommended
ICRP models and personal demographic and dosi-
metric data on liquidators from the RNMDR. As can
be seen from this table, for the entire liquidator co-
hort 1986—1989 at average dose external irradiation
105 mGy, attributive risk of mortality from malignant
neoplasm during 20 years stands at 23.6% for leu-
kaemias and 2.8% for solid tumours. It is also obvi-
ous from this table that the liquidator group of 1986
is at the highest radiation risk. For this group in par-
ticular, within 20 years following the accident, ie. in

Dose (mGy)

KaTacTpodbl 32 1986—-1996 IT. ¥ KAKOB TTPOTHO3 OT/IA-
JICHHBIX CTOXACTUYECKUX 3PPeKTOB? PaccMoTpyM CHA-
yaia gannbie PPM/IP 110 Koropre JIMKBUaTOPOB. Ha pu-
CYHKE 5 TIOKa3aHO PACIPEIETICHHE JTUKBUJATOPOB B 3a-
BHCHMOCTH OT BEJIMYMHBI /103l BHEITHEI'O OOJIyYEHHSL.
MOKHO OTMETHTD, YTO HAUOOJIBIIIEE YHUCIIO JIMKBUAATO-
POB IOJIY4WIN 103kl 06aydenust ot 0 7o 100 mI'p u oT
200 go 250 mI'p.

B Tabnune 1 gaHbI IPOTHO3HBIE OIIEHKH ATPHUOYTUBHO-
o pUCKa (MIPOLEHT PaJUallMOHHO-UHIYIIUPOBAHHBIX
PAKOB HaJl CIIOHTAHHBIM ) CMEPTHOCTH JJI51 TUKBUAATO-
pOB, paboTaBIIKX B 30-KWIOMETPOBOI 30HE B 1986—
1989 11. I[IpOrHO3 BBIIOJIHEH HA OCHOBE PEKOMEH/I0-
BaHHBIX MKP3 MO/i€J1€1 M1 NEPCOHAIBHBIX IEMOTpadu-
YECKUX U JOZUMETPUYECKUX AAaHHBIX PITM/IP O TMKBH-
patopax. Kak BUAHO U3 9TOM TAOGIUIBI, /19 BCEU
KOTOPTBI JIUKBUAATOPOB 1986—1989 rT. 1pu CpeHEen
J103€ BHeEHHEro obiydyeHus 105 MI'p aTrpubyTUBHBINA
PHCK CMEPTHOCTH OT 3JIOKAYECTBEHHBIX HOBOOOPA30-
BaHUi 3a 20 JIET COCTABUT: [IJIsl JICHKO30B — 23,6%, 11
COJIMJJHBIX PAKOB — 2,8%. I'pyniioi Haubdoiee BbICOKO-
ro PaguallMOHHOTO PUCKA SBJISIOTCS JTUKBUATOPHI
1986 1. [l71s1 3TOM I'PYIIIIBL, B YACTHOCTH, uyepes 20 jer
I1oCJIE KaTacTPO(dEL, T.c. B 20006 I, aTPUOYTUBHBIN PUCK

TABLE 1
PROGNOSIS OF REMOTE RADIATION EFFECTS ON MORTALITY FROM MALIGNANT NEOPLASM
AMONG LIQUIDATORS 20 YEARS AFTER THE RADIATION EXPOSURE
TABJINLA 1
MPOrHO3 OTAANEHHBIX 3ODEKTOB BO3AENCTBIAS MOHN3NPYIOLLINX U3NYYEHI HA YPOBEHL CMEPTHOCTI
OT 3/TOKAYECTBEHHbIX HOBOOEPA30BAHI CPEAN JIMKBUJATOPOB YEPE3 20 JIET MOCIIE OBMYYEHNSA
Year of Number of Mean absorbed | Collective dose Excess cancer Natural cancer Attributive
employment liquidators dose (mGy) (persons-Gy) mortality due to the mortality cancer risk (%)
in the zone exposure
leukemia | alltypes | leukemia | alltypes | leukemia | all types
1986 46,575 159 7,405.4 22 84 45 1,945 32.8 4.1
1987 48,077 89.5 4,302.9 11 47 45 1,952 19.6 2.4
1988 18,208 33 600.9 2 7 17 768 10.5 <0.1
1989 5,475 32 175.2 - 2 6 234 7.4 <0.1
1986-1989 118,335 105 12,4831 35 140 113 4,899 23.6 2.8
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2000, attributive risk of supplementary mortality for
leukaemia equals 32.8% and for solid tumours 4.1%.

The primary possible source of indetermination
and inexactness in the above descriptions of pro-
gnostic evaluations is the level of accuracy of indi-
vidual dosimetric data concerning liquidators. The
results of our research show that errors in indivi-
dual dosimetric information on liquidators could
reach the magnitude of 200-250% (Pitkevitch V.A.
etal, 19906).

EVALUATION OF RADIATION RISK
AMONG THE LIQUIDATOR COHORT

Within the present analysis 48 cases of leukaemia
among liquidators are being examined (as verified
by the Medical Radiological Scientific Centre RAMN
and local health care institutions on 01.01.1994).
Verification of leukaemias is a long and complex
procedure and therefore analysis of incidence of
sickness from 1986—1993 is included in this work.
On 01.01.1994 the RNMDR database contained
medical and dosimetric information on 142 thou-
sand liquidators among whom these 48 cases were
established (Pitkevitch V.A. et al,, 1997; Ivanov VK.
etal, 1997;1998).

In the analysis of radiation risks we intend to exam-
ine all types of leukaemia (ICD-9 204.0-208.9). In
connection with these, it is well known that, for ex-
ample chronic lymphatic leukaemia does not occur
asaradiation induced illness. Calculation of all types
of leukaemia among liquidators in the current work
is limited, mainly by the small number of cases veri-
fied between 1986—1993. Another important factor
is the possibility of comparing the expected number
of cases (using radiogenetic calculation) and the ob-
served number of cases. This expected number of all
types of leukaemia is determined using animated
prognostic models, coefficients of which were ob-
tained on the basis of the Japanese cohort, survivors
of atomic bombing,.

Figure 6 cites data from the RNMDR of leukaemia
incidence among liquidators and the correspond-
ing prognostic curve. What main conclusions can
be drawn from figure 6? Firstly, the prognosis and
factual data are in accordance within the limits of
error. Secondly, following the prognosis, and as can
be seen precisely from the registry data, the peak in-
cidences of radiogenic leukaemias were observed
4-5 years after the accident. This signifies radioac-
tive influence on every second case of leukaemia
currently apparent among the liquidators.

On 01.01.1995 47 cases of thyroid cancer among
liquidators were registered in the RNMDR system.
The diagnosis was confirmed after varying
amounts of time following exposure to radiation:
the interval between the date of entering the 30km
zone and the period of onset of illness varied from
1-8 years.

JOMOJHUTEIBHOU CMEPTHOCTH OT JIEUKO30B COCTABUT
32,8%, OT COMUAHBIX PAKOB — 4,1%.

OCHOBHBIM BO3MOKHBIM UCTOYHUKOM HEOIPECIICHHO-
CTU U HETOYHOCTU B OIMUCAHHBIX BBIIIE IIPOTHO3HBIX
OIIEHKAX ABJIIETCA YPOBEHb KOPPEKTHOCTU UHIUBU/LY-
AIbHBIX JJO3MMETPUYECKUX JJAHHBIX Y JTUKBHUAATOPOB. BbI-
MOJHEHHBIE HAMU UCCJIEOBAHMA TTOKA3BIBAIOT, YTO I10-
I'PENIHOCTU B UH/IUBU/IYAJIbHOM JJOZUMETPHUYECKON HUH-
dopMaInm Y IUKBUAATOPOB MOI'YT JJOCTUI'ATb BEJTMYUHDI
200-250% (ITirkeBud B.A. 1 coasr., 1996).

O EHKA PAIMAIITNOHHDBIX PUCKOB
IIO KOTOPTEJINKBHIATOPOB

B HACTOAIIEM aHATN3€E PACCMOTPEHDL 48 CIIy4aeB 3a00-
JIEBAHUM JICUKO3AMU CPEU JIMKBUATOPOB, BEPUPUITH-
POBAaHHBIX MEAUITUHCKHAM PAJTUOIOTHYECKUM HAYYHBIM
nenTpoM PAMH 1 MECTHBIMH YUPEKIEHUAMU 34PABOOX-
panenns Ha 01.01.1994 . BepuduKaiins IEHKO30B — 3TO
CJIOKHAA Y JJIUTENbHAA IPOLEAYPA, IIOITOMY B paboTe
MMPOBE/ICH aHATN3 32601eBaeMOCTH ¢ 1986 1o 1993 1.
BKIIOUNTEILHO. Baza manubix PTMIIP Ha 01.01.1994 1. co-
JleprKaia METUITMHCKYIO U TO3UMETPUYECKYIO NTH(POPMa-
1110 Ha 142 TBIC. JUKBHJATOPOB, CPEIN KOTOPBIX U OBUIN
yCTaHOBJIEHbI 3TH 48 3a6onepmux (Pitkevitch VA. et al,
1997;Ivanov VK et al, 1997; 1998).

B ananmse pajualOHHbIX PUCKOB MBI IIPEAIIONATAEM
paccMaTpuBaTh BCE TUINBL JIEUKO30B (MKB-9 204.0—
208.9). Bmecre ¢ TeM XOPOIIO U3BECTHO, YTO, HAIIPUMED,
XPOHHUYECKUI JTMM(POJICHKO3 HE SABJIICTCS PAJAUALIMOHHO-
UHJIYLIIMPOBAHHBIM 3260JICBAHHEM. YUET BCEX TUIIOB JICH-
KO30B CPEIN TUKBU/IATOPOB B HACTOAIIEH paboTe 0byc-
JIOBJIEH, INIABHBIM OOPA30M, HEOOJIBIIINM YUCIIOM UX CIIy-
YaEB, 3APEreCTPUPOBAHHBIX B 1986—1993 1. Ipyrum
BA’KHBIM MOMEHTOM SIBJISIETCS BO3MOXXHOCTb CDABHEHUS
OKHAJIAEMOTO (€ YYETOM PAJHUOTEHHBIX) U HAOJIOIAEMO-
ro 4ymcja cirydaes. ITpu 3ToOM 0KH1aeMoe 4UCIO JIEUKO-
30B BCEX TUIOB ONPEJENAIN C UCITOJIb30BAHUEM MYJIBTH-
IUIMKATHUBHON MO/IE/IN IIPOTHO34, KO3(PPUIIUEHTHI KOTO-
POIt 6BUIN IIOJYYEHBI HA OCHOBE SITOHCKOM KOI'OPTBI
IIEPEKUBIINX ATOMHYIO OOMOAPIUPOBKY.

Ha pucynxke 6 npusesaens! ganusie PITMIP 06 ypoBHe
3260J1€BAEMOCTH JIEUKO3AMHU Y JIMKBU/IATOPOB K COOTBET-
CTBYIOIAsA KPUBAA NPOTHO34. Kakue 171aBHble BBIBO/bI
MOXKHO C/I€JIaTh HA OCHOBAHWM 3THUX JIAHHBIX? Bo-nep-
BBIX, [IPOI'HO3 U (DAKTHYECKUE JAHHBIE XOPOLIO COIJIACY-
IOTCA B IIPEJIE/IAX [IOI'PEMIHOCTEN. BO-BTOPBIX, KAK CJIEAY-
€T U3 IIPOTrHO3a U YTO YETKO BUAHO 13 AAHHLIX PIM/IP,
MHK PaIMOTE€HHBIX JIEMKO30B HAOJIIO/1AJICS Yepe3 4—5 JIeT
OCJE KATACTPOMBL DTO O3HAYAET PAAUALTHOHHYIO OOYyC-
JIOBJIEHHOCTD B KKIOM BTOPOM CJIy4a€ JICMKO34d, BbIAB-
JIIEMOTO B HACTOAIIEE BPEMS Y JIMKBHUIATOPOB.

Ha 01.01.1995 1. B cucteme PI'M/IP 66110 3apETUCTPUPO-
BAaHO 47 CJIy4aeB 3a00JIEBAHUI PAKOM HIUTOBUIHOM Ke-
JIE3BI CPEIU JIMKBUAATOPOB. JJMarHo3 ObUI YCTAHOBJIEH
CITyCTs PA3HbIH IIEPUO/ IIOC/IE BO3AEHUCTBUA HOHU3UPYIO-
MUX HU3JYYEHUN: IPOMEKYTOK BDEMEHH MEX]Y JTATOU
BbE3a B 30-KWIOMETPOBYIO 30HY U CPOKOM BbIABICHUA
3a6oneBaHUs Koyiebancs ot 1 10 8 nerT.
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FIGURE 6. LEUKEMIA INCIDENCE ACTUAL DATA AND STANDARD INCIDENCE RATE PROGNOSIS IN COHORT OF LIQUIDATORS
PUCYHOK 6. PAKTUYECKUE JAHHBIE 11 TPOTHO3 CTAHZAPTII3IPOBAHHOI 3ABONEBAEMOCTY NENKO3AMIA B KOTOPTE JINKBUZATOPOB
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For verification of the hypothesis concerning supple-
mentary irradiation of liquidators between April and
May 1986, we carried out an experiment using radio-
nuclides of iodine to evaluate standardised incidence
rate (SIR) accumulation set out month by month (fig-
ure 7). As can be seen from this figure, liquidators who
took part in work during June 1986 are at the highest
risk of developing thyroid cancer. The risk for April—
May and for July was found to be approximately the
same. Therefore, at the given stage of research it isim-
possible to draw any firm conclusion about the effect
of iodine radionuclides. On the other hand, despite
the fact that doses of external irradiation remained
approximately the same from April—December 1986,
risk of developing thyroid cancer decreased notice-
ably towards the end of 1986 (figure 7).

Let us move on to the question of the possibility of
forecasting cases of thyroid cancer among liquida-
tors. Figure 8 shows the observed frequency of thy-
roid cancer cases among liquidators calculated per
100 thousand people and expected cases (radiogenic
cancers plus spontaneous cancers). Evaluation of the
contribution of radiogenic cancers is done within the
framework of an additive model of radiation risk.
Statistical data from the Russian Federation were
used to calculate the number of spontaneous cases.
As already noted above, significant divergence bet-
ween expected and observed indices can be traced
over the 4-5 years following the accident.

One possible explanation for this divergence may
be that it is due to intensive screening effect at the
time of medical investigation of liquidators. As seen
in figure 9, we can, following this assumption, ob-

JJ1s1 IIPOBEPKU I'MIIOTE3bI O BO3MOXKHOM JOIIOJIHU-
TEJIBHOM OOJIY4EHUU JUKBUJATOPOB B AIIPEIE—MAE
1986 1. paAMOHYKIH/IAMU FO/Ia MBI IIPOBEJIU OLICHKY Ha-
KOIIEHHO¥ CTAHJAPTHU3UPOBAHHON 3260J1€BAEMOCTH
(SIR) ¢ pa3buBKO¥ 11O MecALaM (PUCYHOK 7). Kak BUZHO
H4 3TOM PUCYHKE, HANO0JI€€ BBICOKUI PHUCK 3200JIETh Pa-
KOM HIUTOBUHOM >KEJIE3bl Y INKBU/IATOPOB, IPUHUMAB-
IIUX Y9ACTUE B paboTax B nioHe 1986 r. Prck /st anpe-
JII-Masi ¥ IIOJIs1 OKA3aJICs MPHUOIU3UTEIBHO OJJUHAKOBBIM.
IToaTOMY HA JAHHOM TAIIEC UCCJICAOBAHNUI CTPOIUI BbI-
BOJ, O BJIMAHUU PAAUOHYKINIOB MO4A CAEIATb HEIb3A. C
JPYro¥l CTOPOHBL, HECMOTPS HA TO, YTO JO3bl BHEIIHETO
obutyyeHust B aripesie-aekadpe 1986 1. ocTaBaiuch npu-
OJIM3UTEIBHO OJJUHAKOBBIMU, PUCK BO3HUKHOBEHUS
paKa MUTOBUIHOM JKEJIEe3bl K KOHITy 1986 I. 3aMeTHO
YMEHBIIMJICA (CM. PUCYHOK 7).

ITeperizem K BOIIPOCY BO3MOKHOCTU IIPOIHO3UPOBAHMSA
3200JIEBAEMOCTH PAKOM IIIUTOBHUHOMN XKEIE3bI Y TUKBU-
J1aTOpOB. Ha prCyHKE 8 MOKa3aHa HAOII0/1aeMast MUHTEH-
CHUBHOCTD 3200JIEBAHNUI PAKOM IIIUTOBU/IHOI JKENE3DI Y
JIMKBHJATOPOB B pacuere Ha 100 000 uenoBek 1 oxxugae-
Masl (PaJJMOICHHBIC PAKU IUIIOC CIIOHTAHHBIC). OLCHKA
BKJIQ/I4 PAAMOTEHHBIX PAKOB C/ICJIAHA B PAMKAX aJTUTHUB-
HOU MOJIEJIN PA/IMAIIMOHHOI'O PUCKA. [Tpu pacuere CrioH-
TAaHHOM 3260JIEBAEMOCTH MCHOIB30BAHBI CTATUCTUYEC-
Kue ganHele 110 Poccunickon Pegepanyu. Kak orMeueHO
BBIIIE, 3HAYUTEIBHOE PACXOMK/ICHHE MEXK/TY HAOTIOAAEMBI-
MU U O’KHJAEMBIMU ITIOKA3ATE/MU IIPOCIEKUBACTCA Ue-
pes3 4—5 eT 1ToCsE KATaCTPOPBDL

OfHUM 13 BO3MOXKHBIX OOBSICHEHHI 3TOIO PACXOXKICHUS
MOKET OBITb UHTEHCHUBHBIN CKPUHUHIOBBINM 3(PEKT TIpHr
MEIUIIMHCKOM OOC/IEIOBAHMM JIMKBH/IATOPOB. Kak BU/IHO HA
PHUCYHKE 9, €CJIM BEPHO 3TO NPEIONOKEHHE, HAOMIOLACTCA
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FIGURE 7. THYROID CANCER STANDARD INCIDENCE RATES
AMONG LIQUIDATORS DEPENDING ON TERMS OF STAY
IN RADIATION EXPOSURE ZONE

PUCYHOK 7. CTAHOAPTU3IIPOBAHHAS 3ABOJTEBAEMOCTb PAKOM
LN TOBIAHOW XKENE3bI CPEON JTMKBNOATOPOB B 3ABNCIMOCTI
OT BPEMEHW NPEBLIBAHIA B 30HE BO3JENCTBISA PALVALIAN
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serve a good agreement between observed and ex-
pected frequency of cases of thyroid cancer in li-
quidators (according to the radiation prognosis).

Tables 2 and 3 show evaluations of radiation risk for
the liquidator cohort and comparisons with previ-
ously published data appertaining to other cohorts.
As is visible from these tables, there is accordance
between significant risk data obtained by us and
coefficients previously published in the scientific lit-
erature. Together with these, future epidemiologi-
cal liquidator cohort observation could allow for,
and also obtain dependence of radiation risks on
certain basic parameters: doses of irradiation; age at
time of exposure; time following exposure.

DYNAMICS OF THYROID CANCER
CASES IN THE POPULATION

OF TERRITORIES CONTAMINATED
BY RADIONUCLIDES

As already stated above, the greatest level of radio-
active influence as a result of the Chernobyl acci-

FIGURE 8. THYROID CANCER INCIDENCE AMONG LIQUIDATORS
DEPENDING ON TIME PERIOD SINCE THE ACCIDENT

PUCYHOK 8. IHTEHCWBHOCTb 3ABONIEBAHUI PAKOM LUTOBWIHOI
JKENE3bI CPEAN JTNKBWAATOPOB B 3ABCMMOCTW OT BPEMEHW,
MPOLLEALErO MOCIE ABAPUIA
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XOPOIIIEE COOTBETCTBUE MEXK/TY HAOIIOMAEMON 1 OXKHUTAEMON
(110 MOJIEM PAAMALIMOHHOI'O IIPOIHO34) YaCTOTOM 320071¢-
BAEMOCTH JINKBU/IATOPOB PAKOM IIUTOBU/IHOM XKEJIE3DL

B Tabmmnax 2 1 3 NpeICTaBICHBI JAHHbIC OLICHKH Pa/iva-
IIMOHHBIX PUCKOB JIJIs1 KOTOPTBI JIMKBUAATOPOB M UX CPAB-
HEHHE C OITYOJIMKOBAHHBIMU JJAHHBIMU 110 JPYI'UM KOI'Op-
TaM. Kak BUZIHO U3 3TUX TAOJIML], UIMECTCSI XOPOLIEE COOT-
BETCTBHE I1OJIyYCHHbBIX HAMU 3HAYECHUI PUCKOB U OITyOJIN-
KOBAHHBIX PAHEE B HAYYHOM JINTEPATYPE KOA(P(PUIIHEHTOB.
BMmecTe ¢ TeM TAUTbHEHIIIEE ATTUIEMUOIOTTIECKOE HAOIIO-
JIEHUE 32 KOTOPTOM JTMKBU/IATOPOB MOXKET MO3BOJIUTD TAK-
JKE OIPENENINTD 3ABUCHUMOCTD PAIMAITMOHHBIX PUCKOB OT
OCHOBHBIX TAPAMETPOB: J03bl OOIYUYCHUS], BO3PACTA TIPU
OOJIYy4EHHU U BDEMEHU, IPOIIEAIIEM TTOCIIE OOTYYCHUSL.

JUHAMMHKA 3ABOJIEBAEMOCTH PAKOM
IIUTOBUIHOM *KEJIE3bI HACETEHUS
3ATPA3HEHHDBIX PATHNOHYK/INJIAMH
TEPPUTOPHUI

Kak 6bU10 OTMEUYEHO BBIIIIE, B HAUOOJIBUICH CTCIICHU Pa-
JHUAITMOHHOMY BO3/JICHCTBHIO B pe3ynsrare YepHOObLIb-

TABLE 2

RADIATION RISK OF LEUKEMIA INCIDENCE AMONG LIQUIDATORS (1986-1993 OBSERVATION PERIOD)

TABJINLA 2

PATIMALIMOHHBIV PUCK 3ABOSTEBAEMOCTU JIEMIKO3AMU CPEAN NIKBULATOPOB (MEPVOJ HABIOLEHIS 1986-1993 rr.)

Data source EAR/10* person-years-Gy (95% CI) ERR/Gy AR (at 1 Gy) %
Liquidators 1.31 (0.23,2.39) 4.30 (0.83,7.75) 81
LSS cohort 2.38 7.8 88
TABLE 3
RADIATION RISK OF THYROID CANCER INCIDENCE AMONG LIQUIDATORS (1986-1994 OBSERVATION PERIOD)
TABJIULA 3

PALIMALMOHHBI PUCK 3ABONTEBAEMOGTU NIEMKO3AMU CPEAW NIKBUOATOPOB (MEPWUOL HABIIOLEHS 1986-1994 rr.)

Data source EAR/10* person-years-Gy (95% Cl) ERR/Gy AR (at1Gy) %
Liquidators 1.15(0.08,2.22) 5.31 (0.04,10.58) 84
BEIRV 1.25 5.8 85
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dent affected four regions of Russia: Bryansk, Kaluga,
Orlov and Tula regions. Let us consider the case dy-
namics of thyroid cancer in these four regions. Fig-
ure 10 shows the case dynamics for thyroid cancer
among the inhabitants of the aforementioned re-
gions between 1982—-1995 according to the RNM-
DR data. From the information given in the figure,
two conclusions can be drawn: firstly, between 1986
and 1990, no statistically reliable growth of thyroid
cancer cases is noticeable (i.e. the latent period for
onset of thyroid cancer is approximately 5 years fol-
lowing the Chernobyl accident, corresponding to
evaluations, published in the scientific literature, of
the latent period for radiation induced thyroid can-
cer). Secondly, from 1991 there is a stochastically
significant increase in cases of thyroid cancer
among the inhabitants of these four regions rela-
tive to the general pan-Russian index.

The next figure (figure 11) shows, according to age
at the time of the Chernobyl accident in 1986, which
group displays the highest level of thyroid cancer
incidence. Objective epidemiological analysis
shows that children up to the age of 10 at the time
of the accident have the highest relative risk of de-
veloping thyroid cancer. It is worth emphasising
that the highest evaluations of exposure dose in
terms of incorporated '3'I were obtained for this

group.

Figure 12 shows basic radiation risk evaluation
in the onset of thyroid cancer among children
in the Bryansk region using “cases-control”. It
should be noted that the relative risk evaluation
obtained at the dose of 1 Gy, equally 7.15 is in
accordance with data published in the scientific
literature.

Thus, on the basis of primary medical dosimetric data
collected between 1986—1997 within the frame-
work of the RNMDR,; statistically significant radiation

FIGURE 9. THYROID CANCER STANDARD INCIDENCE RATES DYNAMICS

AMONG LIQUIDATORS (1986-1987 WORKS PERIOD)

PUCYHOK 8. ANHAMUKA CTAHLAPTI3POBAHHOM 3AB0NEBAEMOCTN

PAKOM LUMTOBUAHOI YKENE3bI CPEAN TMKBUIATOPOB
(BPEMS PABOTbI 19861987 rr.)
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CKOH KaTaCTPO(dbl NOIBEPIJIMCH YETBIpE 0b1acTH Poc-
cum: bpsHckas, Kanyxxckast, OpsnoBckas 1 Tysibckas. Ha
pucyHKe 10 1okasaHa JMHAMHKA 3200JIEBAEMOCTU pa-
KOM ITATOBUHOH KEJIE3Bl CPE/IN JKUTEICH YKA3AHHBIX
BBIIIIE YeTBIpeX obiacrert Poccuu ¢ 1982 o 1995 rT. 1o
ganabiM PI'MJIP. Ha OCHOBAaHUHM 3TUX JJAHHBIX MOKHO
C/IeNIaTh JIBa OCHOBHBIX BBIBOJIA: BO-TIEPBBIX, C 1986 110
1990 r. HE OTMEYAIOCH CTATUCTUYECKU JIOCTOBEPHOTO
pocTa 3a60JIEBAEMOCTUA PAKOM IIUTOBUHON JKEJIE3BI
(T.€. JIATEHTHBIN NIEPHUOJ, COCTABUII OKOJIO 5 JIET MOCIIE
YepHOOBUIBCKOH KATACTPOMEL, UTO COOTBETCTBYET OITyO-
JIMKOBAHHBIM B HAYYHO! JINTEPATYPE OLIEHKAM JIATEHT-
HOTO IEPUO/A IO PASUAIMOHHON MH/IYKIIMU PAKA IIIH-
TOBUJHOM JKEJIE3BI); BO-BTOPBIX, HAYUHAA C 1991 T.
HAOII01AETCA CTATUCTUYECKU 3HAUYUMBIN POCT 3260J1€-
BAE€MOCTH PAKOM IIMTOBH/IHOM JKEJIE3BI Y )KUTEJICH YKa-
33aHHBIX BBIIIE YETHIPEX OOIACTEH IO CPABHEHHUIO C 06-
LIEPOCCUHCKUMU ITOKA3ATEIIAMU.

Ha pucynke 11 1moxasaHo, B KAKMX BO3PACTHBIX I'PYIIIAX
H4 MOMEHT YepHOOBUILCKOM KATACTPO(MBI HAOIIOLACTCS
Han0OO0J1e€ BBICOKUI YPOBEHD 3200JIEBACMOCTH PAKOM 11~
TOBUTHOM keJie3bl. OO bEKTUBHBIM AITUIEMUOJIOTI TYECKHI
AHAJIN3 TTOKA3BIBACT, YTO HAMOOBIITNH OTHOCUTEIBHBIHN
PHCK 32001EBAEMOCTU PAKOM U TOBU/THOM JKEJIE3b] IME-
10T JIETH, KOTOPBIE HA MOMEHT YE€pPHOOBUILCKOM KATACT-
podsl 66UTH B BO3pacTe 10 10 jaert. [1j11 3TOU BO3PaCTHOMU
TPYIHIIBI TOJIYYE€HBI HAUOO0JIEE BBICOKHE OLIEHKU /103 06-
JIy4E€HUSA 32 CHET MTHKOPIOPUPOBAHHOTO 1L

Ha pucynke 12 npeacrasieHbl OCHOBHBIC PE3YJIBTATBL
OLICHKU PAJUALMOHHOIO PUCKA B MHAYKLIUU PAKA IIUTO-
BU/IHOM JKEJIE3BI Y AETEN BPSAHCKOI O6JIACTH IO TEXHO-
JIOTHUH “CITy4aii-KOHTPOIL”. CIIEAYET OTMETUTD, YTO MOJTY-
YEHHAA OLIEHKA OTHOCHUTEIBHOIO PUCKA IIpU ao3e 1 I'p,
paBHas 7,15, XOPOIIO COIIACYETCSA C OIyOJIMKOBAHHBIMUA
B HAYYHOU JIMTEPATYPE TAHHBIMH.

TakuM 06Pa30M, HA OCHOBE COOPAHHBIX B 1986—1997 Tt
MHEPBUYHBIX MEAUKO-TO3UMETPHYECKUX TAHHBIX B PAM-
Kax PTM/IP BIiepBbI€ YCTAHOBIEHBI CTATUCTUYECKU 3HA-

FIGURE 10. THYROID CANCER STANDARD INCIDENCE RATES DYNAMICS
AMONG 4 CONTAMINATED PROVINCES OF RUSSIA

PWUCYHOK 10. JUHAMUKA CTAHLIAPTI3VIPOBAHHO
3ABOMEBAEMOCTI PAKOM LLWTOBUAHON YKENE3bI
B 4 3ATPA3HEHHbIX OBJTACTAX POCCUN

3.57 ¢ Females
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FIGURE 11. RISKS AND THYROID IRRADIATION DOSE RATIO
DEPENDING ON THE AGE AT EXPOSURE

PWUCYHOK 11. OTHOLLEHWE PUCKOB 11 A03bl OBJTYHEHIA
LUMTOBWOHON XXENE3bI B 3ABUCUMOGTIA OT BO3PACTA
MNP OBTYHEHNN
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risks in onset of oncological and non-oncological ill-
nesses have been established for the first time. Fun-
damental data have been published in the Registry’s
journal “Radiation and Risk” and in the ranks of lead-
ing international publications. The problem of eval-
uating radiation risks remains one of the key prob-
lems facing the RNMDR in its future endeavours.
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